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Subject:  Investigation  of  the  Hood  Effect  of  the  6"  Comm. 

f'k.  27-7  Projectile  at  Various  Obliquities. 

Reference:  (a)  Armor  Officer's  1,'emo  to  Experimental  Officer 

(undated) . 

Enclosures:  (A)  NPG  Plotos.  No.  NP9  34054,  34055,  35059, 

35060,  35061,  35062,  35057,  35058,  34056, 
34290. 

(B)  Summary  of  Plate  Penetration  Coefficients* 

(C)  Schematic  Diagram  of  Apparatus  for  Shock 
Loading  of  Tensile  Specimens. 


1*  Reference  (a)  reports  the  results  of  tests  at  the 

Plate  Fuze  Battery  which  were  conducted  to  obtain  a  comparison 
between  plate  ballistic  limits  using  6"  Comm.  Kk.  27-7  projectiles, 
in  the  standard  condition  and  also  with  the  windshield  and  hood 
removed ,  versus  373  and  Class  B  armor  plates  at  various  obiiquit ‘es. 
The  conditions  and  results  of  test  are  summarized  in  the  NPG  Phocos. 
of  Enclosure  (A),  and  a  summary  of  plate  penetration  coefficients 
is  given  in  Enclosure  (B) . 

2.  One  projectile  in  the  subject  tests  was  fired  at  0° 

obliquity  versus  a  plate  of  STS  with  an  arrangement  for  capturing 
the  fragments  of  the  \  ood  and  windshield.  The  arrangement  is  shown 
in  the  photos,  of  Enclosure  (A).  The  parts  consisted  of  a  nine 
foot  armor  tube,  an  eighteen  inch  culvert  pipe,  and  two  cover 
plates  with  round  holes  large  enough  to  admit  t-he  culvert  pipe. 

The  annular  space  between  the  culvert  pipe  and  the  armor  tube  was 
1’ilJod  with  sawdust,  the  annular  space  was  covered,  and  the  as¬ 
sembled  apparatus  was  placed  against  the  target  plate.  The  pro¬ 
jectile  traveled  a  distance  of  10  fact  down  the  culvert  pipe  to  the 
point  of  impact. 

•71  s  fragments  were  recovered  without  evidence  of  any 
secondary  damage .  The  windshield  and  the  crown  of  the  hood  were 
splintered  into  many  small  pieces,  but  the  skirt  of  the  hood  was 
recovered  in  three  equal  pieces.  The  crown  of  the  hood  appeared  tc 
i  ave  fractured  by  shear  after  severe  plastic  deformation,  as  illus¬ 
trated  by  lamellar  blocks  of  the  metal  which  have  slipped  over  each 
other  without  becoming  separated.  The  skirt  of  the  hood  experienced 
several  brittle  fractures  on  planes  normal  to  tl  e  prevailing  axis 
of  tension  in  thw  region  free  from  severe  cold  work,  but  each  normal 
fracture  shifted  to  the  shear  type  of  fracture  when  it  ran  into  the 
severely  worked  region.  Throe  of  these  brittle  fractures  were  ini¬ 
tiated  by  tiree  minute  punched  indentations  on  the  shoulder  of  the 


i 


% 


hood,  but  a  fourth  crack  was  also  obseivcd  whi ah  did  not  originate 
from  any  obvious  imperfection.  The  fourth  eraeje  did  not  pass  into 
the  plastically  deformed  region,  as  revealed  by  microsections  of 
the  recovered  fragment.  The  fourth  crack  probably  failed  to  reach 
completion  because  of  a  release  of  stress  by  the-  prior  completion 
of  th<;  other  three  fractures.  lie:,  sure  moats  of  the  fragments  show 
that  the  redaction  of  area  at  the  brittle  fractures  was  not  more 
than  2$,  whereas  the  material  of  tb-  hood  would  undergo  a  reduction 
of  arv;a  of  mo  re  than  ty’o  in  a  stor.dnrd  tensile  test.  The  full  elonga¬ 
tion  was,  in  fact,  obtained  m  the  region  of  severe  plastic  doforma- 
t  j  on. 


3.  Two  hypotheses  1  nve  been  considered  which  might  ex 

pi' in  this  anomalous  behavior. 

The  stress  in  a  dynamic  deformation  is  known  to  be 
greater  than  tile  str.se  it  r  static  deformation,  and  mild  steel, 
such  as  th'  erteri:  1  of  >.h  ■  hood,  is  known  to  have  an  upper  yield 
point.  If,  thoieferr,  the  upper  yield  point  were  able  to  reach 
the  fracture  sti-.se  during  a  rapid  loading  of  the  motel,  then  the 
fracture  would  h*  brittle. 


To  test  this  hypothesis,  apparatus  was  constructed 
- 1  the  Light  Armor  Battery.  The  .pparatus  consisted  of  a  gate, 
which  was  made  of  BF3  plate  1"  thick  by  7’*  high  by  18"  wide.  The 
goto  was  pivoted  at  on side  where  it  bore  against  a  gate  post. 

Thv,.  a:  tc.  and  tr  te  post  at  the  other  side  were  notched  to  receive 
a  f.Lvcini  tensile  specimen  3/8"  diameter  by  3.5"  gage  length.  A 
shield  was  mounted  ever  t;  o  specimen  to  protect  it  from  fragments. 
Clearance  was  arranged  between  the  head  of  the  tensile  specimen 
-  nd  the  "’'te,  so  that  the  goto  would  have  time  to  pick  up  speed 
before  imp:  ct  on  th*..  specimen.  The  specimen  was  carefully  aligned 
with  th>s  free  of  th rtc,  so  that  the  impact  between  gate  and 
specimen  would  be  as  sudden  as  possible. 

The  first  spc-ciren  was  machined  from  a  37imr.  T21  mild 
steel  projectile.  ..nother  37mm  Til  projectile  was  fired  at  the 
c*  •  tor  o'*  the*  gat:  with  a  striking  velocity  of  the  order  of  700  {ft,}/ 
{sec.}.  The  spucin.-.n  was  necked  down  :nd  not  broken. 


'  l,  th  O 


The  second  specimen  w-  s  machined  from  a  piece  of 
annealed  mild  steel  bar  stock  with  a  BKN  Of  120.  A  37mm  T21  pro¬ 
jectile  was  fired 
of  1*00  (ft,) /(sec.), 
impact,  and  the  projectile 
t^tin-y  band.  The  gate  w- s 
into  contact  with  the  i.erd 
'.vs  necked  down  to  fracture 


«a'te  with  a  striking  velocity  of  the  order 
Thu  mate  was  broken  in  half  at  the  point  of 
w-'s  demolished  from  the  nose  to  the  ro- 


also  broken  at  the  point  where  it  came 
of  t.h •;  specimen.  The  specimen  itself 
with  the  full  reduction  of  area  in  a 
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static  tensile  test,. 


Although  the  gate  was  a  casualty  in  the  above  test, 
it  is  nevertheless  possible  to  estimate  the  minimum  velocity  with 
which  the  gate  must  have  struck  the  head  of  the  specimen.  The 
work  required  to  break  the  specimen  can  be  estimated  from  its  known 
tensile  strength  an!  its  measured  dimensions.  This  energy  was 
necessarily  available  in  the  piece  of  gate  which  struck  the  specimen/ 
Th;.  specimen  was  elongated  .9"  and  the  work  of  deformation  is  esti¬ 
mated  to  have  been  t3C  (ft.)  (lb.).  The  piece  of  gate  weighed  16  (lb.), 
and  its  velocity  is  therefore  estimated  to  havu  been  at  least  80 (ft.)/ 
(sec.),  y.liile  stretching  the  specimen  the  piece  of  gate  turned 
through  an  angle  of  13°. 


If  the  gate  had  remain.. d  intact,  its  average  velocity 
would  probably  have  been  greater  than  100  (ft.), (sec.) .  The  ve¬ 
locity  at  the  point  of  contact  with  the  specimen  is  uncertain  by 
±25  (ft.) /(sec.)  Iv cause  of  vibrations  in  the  plate. 


If  t tjc  specimen  had  remained  elastic,  a  stress  of 
140,000  (lb.)/ (in.) d  would  have  been  created  in  it  at  an  impact 
velocity  of  80  (ft . )/(soc . ) ,  whereas  the  same  specimen  would  break 
at  a  true  stress  of  115,000  (l'o. )/(in. )2  during  a  conventional 
tensile-  tust,  Thu  specimen  would  br^ak  at  a  greater  stress  in  the 
absence  of  plastic  do format ion.  The  spec im-n "was  brought  up  to  full 
loading  while  the  ~nte  moved  r.t  80  \ ft.) /(sec.)  through  a  distance 
of  less  than  u  sixteenth  of  an  inch.  An  elastic  wave  would  have 


bed  time  to  make  three  transvorses  of  thu  specimen  in  this  time 
interval.  The  hood  of  thu  projectile  was  brought  up  to  full  load¬ 
ing  while  the  pioj-.,ctilo  moved  at  1000  (ft.)/ (sec.)  through  o 
distance  of  more  than  an  inch.  The  rate  of  loading  in  the  tensile 
specimen  was  therefore  at  least  as  great  as  the  rate  of  loading  in 
th j  hood . 


*  A  square  plate,  against  which  a  steady  force  is  applied  at 
a  point  on  r,  diagonal  midway  between  thu  center  and  a  corner, 
would  expend  on  that  force  two  fifths  of  its  kinetic  energy 
before  it  came-  to  r-st  at  the  point  of  apT-lieatior.  of  force. 
TL-  plat-.,  would  bo  turned  through  an  angle  equal  to  three 
fifths  of  the  ratio  between  the  displacement  at  the  point  cf 
application  of  force  and  the  distance  of  the  point  of  appli¬ 
cation  from  the  contt.r  of  the  plate. 


4.  On  the  basis  of  the  results  so  far  obtained  it 

appears  that  the  first  hypothesis  is  unlikely. 

According  to  the  second  hypothesis,  fracture  in  a 
ductile  material  can  only  occur  after  a  severe  plastic  deformation. 
Thw  zone  in  which  the  plastic  deformation  occurs  may  be  concentrated 
at  the  v-~ry  tip  of  a  crack  where  the  stress  is  most  intense,  and 
thus  be  concealed  from  superficial  measurements  of  strain.  The 
concentration  of  plastic  flow  may  not  be  stable  in  narrow  sections 
wl.-.ro  yielding  may  occur  parallel  to  the  edge  of  a  possible  crack. 
The  conditions  under  which  the  zone  of  plastic  deformation  may  be¬ 
come  so  concentrated  ore  the  subject  of  further  analytical  work. 
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Comparison  Between  Piste  Penetration  Coefficients  for 
6“  Comm.  Me.  27-7  Projectiles,  With  Windshields  and 
Hoods,  and  Without  Windshields  or  Hoods. 
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r&Sl 


Plate 

Number 

Plate 

Tensile 

Strength 

e 

0 

JL 

With 

Ws.  and  Hood 

Without 

Ws.  or  Hood 

P1S23 

128,000 

45° 

.242 

35,600  ±  600 

30,100  i  900 

NN25 

119,000 

45’ 

.522 

43,300  ±  900 

39,600  ±1100 

634530 

124,000 

51° 

.162 

32,200  ±  700 

26,600  ±  400 

75446 

121,000 

50® 

.403 

41,700  ±  900 

38,300  ±  400 

23164 

124,000 

60 

.127 

35,800  ±  500 

30,500  x  900 

X20530 

123,000 

60° 

.329 

45,500  t  400 

45,700  ±1000 

